Background: Cold water immersion is a widely used form of cryotherapy in the active population despite the limited knowledge on its physiological effects. From an injury standpoint, reducing metabolic rate is advantageous to prevent secondary injury. In contrast, increased metabolism can be beneficial in ridding the body of unwanted metabolites. This study looked to determine the effect of cold water immersion on metabolic rate. Understanding this phenomenon will help determine appropriate clinical applications of cold water immersion and lead to a better understanding of cryotherapy in general. This study looked to determine the effect of cryotherapy in the form of waist deep cold water immersion at 9° C on metabolic rate. Methods: 10 participants from a university student population volunteered and completed a 15-minute treatment of waist deep cold water (9° C) immersion. Metabolic rate measurements were taken using a Jaeger Oxycon Mobile Unit for 5 minutes prior to treatment, 15 minutes of treatment, and 5 minutes post treatment for a total of 25 minutes. Statistical analysis was completed using a one way repeated measures ANOVA test to compare treatment intervals to baseline intervals. Results: Cold water immersion resulted in elevated metabolic rates for 8 of 10 participants during the first 5 minutes of treatment and for 6 of 10 in the 5 minute post treatment (p < 0.05). A second statistical analysis excluding the first 30 second data point in the 5-10 and 20-25 minute treatments was used to account for movement in and out of the whirlpool. The second analysis showed the same results as the first with the exception of one participant who no longer displayed a statistically significant change in the 20-25 minute interval. Conclusion: These results indicate that cold water immersion should not be used as a measure of reducing secondary injury because of its potential to increase metabolic rate, but instead may have potential benefits in exercise recovery.
Introduction
Cryotherapy found its foothold in treatment of orthopedic injury with the RICE method comprised of rest, ice, compression, and elevation proposed by Dr. Gabe Mirkin in 1978 . RICE treatment was introduced as a means to decrease pain, swelling, blood flow, and avoid further injury (Mirkin & Hoffman, 1978) . More recently Dr. Mirkin has altered his stance on RICE treatment, implicating it reduces the inflammatory response and subsequently healing (Mirkin, 2016) . Since its introduction, cryotherapy evolved from a simple ice pack to include a multitude of cold treatments including ice massage, cold air, and cold water immersion (Holmes & Willoughby, 2016) . The value of cryotherapy as a pain control measure was the most accepted component, showing the ability to reduce subjective pain measures and induce paresthesia after 5 to 15 minutes of treatment . (Cataldi, 2013; Knight, 1995; Topp, 2013) . As a natural pain reliever, clinicians utilized cryotherapy frequently in this manor since its introduction.
Advancing theory supporting cryotherapy expanded to include preventing secondary injury (Merrick, 2002; Merrick, et al., 1993; Merrick, et al.,1999) . A ttenuating blood flow to an area with damaged tissues and vessels was hypothesized to reduce edema and consequently secondary injury. (Ménétrier et al., 2015; Topp et al., 2013) Research indicated that cryotherapy in its various forms had the capability to reduce blood flow by inducing vasoconstriction. Using ultrasound, researchers appreciated both a reduction in blood vessel diameter and rate of blood flow through major vessels within the treatment area (Gregson et al., 2011; Holmes & Willoughby, 2016; Ménétrier et al., 2015; Topp et al., 2013; White & Wells, 2013) . This phenomenon was generally accepted, but whether reducing blood flow to damaged tissues was beneficial is still a point of contention. 2 Similarly, cryotherapy was believed to decrease secondary injury through reducing metabolism (Merrick, 2002; Merrick et al., 1999) . Tissues with a reduced metabolic need would subsequently require less oxygen and be less likely to die from the hypoxic conditions resulting from the primary injury. Several studies have investigated this concept using cold water immersion and showed mixed results. In support, Knight showed a correlation between reduced core body temperature and reduced metabolism (Knight, 1995) . Decreased temperature has also been associated with reduced oxygen consumption in myocardial infarction patients, resulting in decreased secondary injury (Holzer & Behringer, 2008) . This data indicates that cryotherapy has the potential to reduce secondary injury by reducing metabolic needs in orthopedic injury. In contrast, several studies have also shown the potential for an increase in metabolic rate as a result of thermogenesis and shivering (Janský et al., 1996; Lee et al., 1997; Muller et al., 2012; Sramek et al., 2000; Stocks et al., 2004) .
Ultimately very little research has directly measured metabolic rate; inconsistent results regarding metabolism are in large part due to varying treatment parameters, making it difficult to determine the true impact of cryotherapy when used clinically. Previously mentioned research investigated cold water immersion using parameters unlike clinical applications to achieve changes in metabolic rate (Holzer & Behringer, 2008; Janský et al., 1996; Knight, 1995; Lee et al., 1997; Sramek et al., 2000) . The purpose of this study was to investigate the effect of cold water immersion on metabolic rate under clinical conditions. As a result, it was hypothesized that 15 minutes of cold water immersion at 9° C would result in increased metabolic rate compared to ambient conditions.
Methods

Participants
Participants consisted of 6 male and 4 female volunteers with no current injury or illness, from a university student population (mean ± SD, age: 20.8 ± 1.5 yr, height: 1.76 m ± .09 m, mass: 75.2 ± 13.8 kg, Calculated BMI: 24.2 ± 3.4 kg/m2). The 10 participants came from a variety of activity levels. Participants provided written informed consent after an informational meeting where they were informed of the experimental protocol and potential risks. This study was approved by the University of Wisconsin-La Crosse Institutional Review Board.
Study Design
Participants were instructed to fast and avoid exercise for 8 hours prior to participation. Fasting also prohibited the consumption of caffeine or alcohol. Each participant was tested in the morning between 6:30 am and 8:00 am shortly after waking up. Upon arrival to the facility, participants were instructed to change into the attire in which they would enter the cold whirlpool. Participants were allowed to wear a swim suit or shorts and a t-shirt but not allowed to wear anything to insulate body heat. Height and weight measurements were taken for each participant and recorded. Participants were seated in a chair next to the cold whirlpool where they were connected to a Jaeger Oxycon Mobile unit (Becton, Dickinson, Franklin Lakes, NJ) (Eriksson, et al., 2012; Rosdahl, et al., 2010) .
Experimental sessions and data collection consisted of a 25 minute period connected to a Jaeger Oxycon Mobile unit. The Oxycon Mobile unit was used to collect and calculate metabolic rate throughout the experiment using the indirect calorimetry function. The Oxycon Mobile unit was calibrated before each session using a reference gas of 14.97% O2, 4.96% CO2, and balance N2. The output of the Oxycon Mobile was given in kcal/min. The Oxycon Mobile collected data at regular 30 second intervals during the entirety of data collection. The first 5 minutes were collected while the participant was seated outside of the whirlpool; this measure was used as a baseline. The baseline was collected in close proximity to the whirlpool to reduce the effect of movement between treatments. The next 15 minute period constituted the treatment where participants were moved into a seated position in the whirlpool. An Icebox IT (Cold Tub, West Harwich, MA) was used to perform the cold water immersion treatments. The cold whirlpool was set to 9° C based on clinical parameters at the University and prior research which used parameters between 5° C and 15° C (Gregson et al., 2011; Holmes & Willoughby, 2016; Janský et al., 1996 Janský et al., , 2006 Lee et al., 1997) . A 15-minute treatment time was again based on prior research and the clinical applications at the University (Gregson et al., 2011; Janský et al., 1996 Janský et al., , 2006 Lee et al., 1997; Mark A. Merrick & McBrier, 2010) . Participants were submerged approximately to the umbilicus to simulate clinical conditions. At the conclusion of the treatment, participants were moved back to the seated position outside of the whirlpool where data was collected for another 5 minutes.
Statistical Analysis
The 25 minutes of data collection were divided into 5 intervals of 5 minutes. The first 5 minutes (0-5) was labeled as the baseline. The 15 minutes of treatment was subdivided into the first 5 minutes (5-10), second 5 minutes (10-15), and third 5 minutes (15) (16) (17) (18) (19) (20) . The last 5 minutes (20-25) was labeled as the post treatment interval. Resulting intervals contained 10 data points each. The 10 data points were averaged and used to complete a one way repeated measures ANOVA test to determine significance at a level of level of p = 0.05. Statistical analysis was performed with SPSS (version 23.0, SPSS Inc., USA). A second statistical analysis was performed excluding the first data point entering and exiting the cold whirlpool to account for effects of movement on metabolic rate.
Results
The repeated measures ANOVA test with verified normality indicated the greatest difference between the 5 minute baseline (0-5 minute interval) and the first 5 minutes in the whirlpool (5-10 minute interval). A difference was also present between the 5 minute baseline (0-5 minute interval) and the 5 minute post treatment measurements (20-25 minute interval) (Figure 1 ). Table 1 contains the average interval data for each Participant during the 25-minute session. Average metabolic rate over the treatment period increased (p < 0.05) immediately after entering the cold whirlpool (5-10 minute interval) for 8 out of 10 participants and increased in 6 out of 10 participants after exiting the whirlpool (20-25 minute interval) (Table 1) . Participants 4-6 had significant differences compared to baseline during all treatment periods while participant 7 had no changes in metabolic rate through the entirety of the experiment. Data represented as mean ± SD over the 5-minute treatment period. * denotes significant increase compared to baseline. # denotes significant decrease compared to baseline (p < 0.05).
Statistical analysis was run a second time excluding the first 30 second data point in the 5-10 and 20-25 minute treatments which involved movement in and out of the whirlpool, respectively. The second statistical analysis resulted in the differences as the first except for one interval in which participant 8 no longer had a change in the 20-25-minute point.
Discussion
This study looked to determine the effect of cryotherapy in the form of waist deep cold water immersion at 9° C on metabolic rate. In agreement with the hypothesis, cold water immersion caused increased metabolic rate during treatment compared to baseline. Most significant increases occurred during the first 5 minutes of cold water immersion or during the 5-minute post cold water immersion interval. Increases at these points presented as rapid 4 increases in metabolic rate that deteriorated with time. Some participants experienced sustained significant elevations into the successive intervals. Contrary to the hypothesis, metabolic rate did not stay significantly elevated during the entire treatment, and some participants experienced decreases in metabolic rate at some intervals. Despite these decreases, only one interval yielded a significant decrease.
It is possible that the increase in metabolic rate at the 5-10 and 20-25 minute intervals was due to movement during the transition in and out of the whirlpool. Movement would cause an increase in metabolic rate that could not be attributed to the cold water immersion treatment (Romero et al., 2016; Wang et al., 2001) . To minimize the effect of movement on metabolic rate, participants were strategically positioned to require as little movement as possible when moving in and out of the whirlpool. A second statistical analysis was also run excluding the first 30 second point of both the 5-10 and 20-25 minute periods. The first data point in the respective intervals would contain the time transitioning into and out of the whirlpool. By excluding this point, it was more likely that the difference in metabolic rate was due to the treatment and not due to the movement. Under the new standard, only one significant data point was lost. Conservation of statistical significance indicates deviation due to the treatment, not the movement in and out of the whirlpool.
As a result, this data indicates that clinical applications of cold water immersion cause increases in metabolic rate, perhaps as a mechanism to compensate for the change in environment. Several others identified a similar effect under different temperatures, levels of submersion, and duration of submersion. Janský et al. showed a significant increase in metabolic rate using head out immersion at 14° C for 60 minutes (Janský et al., 1996) . Sarmek et al. investigated the effect of altering water temperature using head out immersion for 60 minutes at 14° C and 20° C. Findings showed increases in metabolic rate of 350% at 14° C and 93% at 20° C (Sramek et al., 2000) . It should be noted that immersion at 14° C resulted in a shivering response, likely responsible for the large increase in metabolic rate. Lee et al. altered three variables including the level of immersion, temperature, and patient activity. Immersion levels were set at the knee, hip, and ankle; water temperatures were set to 15° C and 25° C; and activities levels were at rest and while exercising. The hip levels, 15° C, at rest testing parameters were most similar to the present study. Treatment times in this case were set at 135 minutes or the point when body temperature dropped to 35° C. Results of Lee et al. showed a significant increase in metabolic rate at rest in 15° C immersion at the shoulder and nonsignificant increases when immersed to the hip or knee (Lee et al., 1997) . Mueller et al conducted a study aimed at lower body cold water immersion at 13° C for 60 minutes, but similar to Lee et al., only showed non-significant increases in metabolic rate.
The present study showed increases in metabolic rate analogous to the prior mentioned studies under clinical circumstances. Consequently, comparison is limited because each of the prior studies were not done at clinical conditions either as a result of their duration, depth of immersion, or both. The majority of the studies elicited a significant increase in metabolic rate from shivering which resulted from immersion above the shoulder for at least 60 minutes. This study did not elicit any observable shivering during the treatment period. In similar studies where immersion was set to the hip, both resulted in no significant data despite lasting at least 4 times as long as this study. This discrepancy could be attributed to the frequency of data collection. Lee et al. collected metabolic data at minutes 15, 30, 45, and 60 while Muller et al. collected data during minutes 5-10, 25-30, and 45-50. Neither case acquired measurements for minutes 0-5 which were the most significant data points in this study (Lee et al., 1997; Muller et al., 2012) .
The findings of this study and the prior mentioned studies conflict with the original hypothesized use of cryotherapy as a means to decrease secondary injury through a reduction in metabolic rate. Knight presented a correlation between decreasing body temperature and decreasing metabolism (Knight, 1995) . This study did not measure core body temperature and cannot be compared, but Sramek et al. and Lee et al. showed eventual decreases in metabolic rate after an initial period of increase due to shivering (Lee et al., 1997; Sramek et al., 2000) . The present study also showed the potential for a decrease in metabolic rate after the initial increase after entering the cold whirlpool. It can be reasoned that metabolism begins to decrease after accommodation or a failed attempt to maintain core body temperature. As a result, it is likely there is a permutation of cryotherapy that would elicit a decreased metabolic rate.
Based on the findings of this study, cold water immersion should not be used clinically to reduce secondary injury after acute injury because of its potential to increase metabolic rate. This notion is already reflected in clinical use. Instead, cold water immersion could be more beneficially applied to exercise recovery where it is already conventionally used, possibly because exercise induced damage is thought to induce a different inflammatory response compared to trauma (Merrick, 2002) . In a post exercise case, an increased metabolic rate could accelerate recovery by a reducing muscle damage and increasing recovery of submaximal muscle strength (Merrick, 2002; Roberts et al., 2014) . It is well known that cryotherapy immediately before exercise reduces speed, power, and agility, but there may be an ideal time period between two bouts of exercise where an increase in metabolic rate due to cold water immersion could be beneficial (Parouty et al., 2010; Roberts et al., 2014) . These findings would support the theory proposed by Roberts et al. that cold water immersion could be used between successive bouts of training (Roberts et al., 2014) . This was proposed after finding that cold water immersion aided in the recovery of submaximal strength between two exercise sessions. Conversely, this is inconsistent with results obtained by Parouty et al. where a reduction in performance was found in 100m swimmers. The major difference being Parouty et al. used a shorter window between cold water immersion treatments and the second bout of exercise (Parouty et al., 2010) .
Limitations to this study stem from compliance of the participants, the global measures of metabolism, and the failure to take core body temperature. While participants were instructed to fast for 8 hours, not consume alcohol or caffeine, and avoid exercising prior to participation, it is impossible to ensure complete adherence. There is variation based on activity of each participant in the morning prior to reporting. Some participants may have reported immediately after waking while some may have engaged in a longer morning routine. These factors could affect the stability of the baseline measurement. Inability to measure the metabolic rate locally also limited the specificity of the results. Metabolic rate was measured globally instead of obtaining the metabolic rate of the treated tissues. This broad nature of the measurement makes it difficult to distinguish the metabolic contributions of the treated tissues verses the non-treated tissues. While it is assumed that changes in metabolic rate were a result of the treatment applied to the lower body, the contributions of the upper body to metabolic rate cannot be ignored. It is possible that non-submerged tissue could have affected metabolic measurements. The lack of core body temperature measurement also made it impossible to compare changes in core body temperature to metabolic changes that is present in much of the current research.
Conclusion
This study was created with the purpose of determining the effect of lower body cold water immersion on systemic metabolic rate. Cold water immersion is widely used in athletics but has little research uncovering its true effects. Based on traditional applications of cryotherapy, it may be expected that cold water immersion results in a reduction in metabolic rate. Conversely, investigation into cold water immersion has yielded evidence of increased metabolic rate. Based on the findings here, clinical applications of cold water immersion for 15 minutes at 9° C resulted in an increase in metabolism, possibly as a coping mechanism to a changing environment. Cold water immersion, therefore, should not be indicated as a treatment for acute injury but instead may have a role in exercise recovery as is already observed clinically. This role may be found in athletes participating in multiple bouts of exercise spaced throughout the day. Continued research is needed to determine where cold water immersion fits in the realm of both injury and exercise recovery. This study used all healthy participants and had no exercise component, limiting its application to injury and exercise recovery. Continued research using the methods described in this study could look to measure metabolic changes in a population of acutely injured athletes, athletes with documented chronic injuries, or athletes after participating in intense exercise. Similarly, further variations of this study could include using different cryotherapy treatments including ice bags, ice massage, and cold air treatments to determine their effects of metabolism. Lastly, treatment parameters including temperature and duration of cryotherapy treatment should be altered to help determine which parameters are most effective in eliciting a desired metabolic response.
